Aim-To assess the prognostic value of age and stage at diagnosis, site of primary tumour, cell ploidy and N-myc copy number in children with neuroblastoma. Methods-Flow cytometry was used to determine the cellular DNA content of paraffin wax embedded archival material from 69 cases of neuroblastoma and was successful in 52. Results-The age, stage, and survival distribution of the sampled cases was not significantly different from that in a larger population based series. There were seven diploid ("non-aneuploid") and 45 aneuploid (including two tetraploid and four triploid) tumours.
Methods-Flow cytometry was used to determine the cellular DNA content of paraffin wax embedded archival material from 69 cases of neuroblastoma and was successful in 52. Results-The age, stage, and survival distribution of the sampled cases was not significantly different from that in a larger population based series. There were seven diploid ("non-aneuploid") and 45 aneuploid (including two tetraploid and four triploid) tumours. The 10 year survival was significantly better for cases of aneuploid rather than diploid tumours (p < 0.05). An important new finding was that 10 year survival was also significantly better for tumours with a low percentage of cells in S phase (p < 0.03). Conclusion-The percentage of cells in S phase, a measure of the proliferative activity of the tumour, correlated with prognosis in neuroblastoma. This should be measured with other biological features of the disease, such as N-myc copy number, when prognostic indicators are being assessed. (7 Clin Pathol 1993; 46:1101 -1104 Neuroblastoma is the most common extracranial solid tumour in children. Survival figures remain poor, especially for older children with advanced disease. There is increasing interest in the biological behaviour and prognosis of neuroblastoma. Age and stage at diagnosis and site of primary tumour are established prognostic factors,' and to these have been added cell ploidy2 and N-myc oncogene copy number,3 both of which have been suggested as having strong prognostic value. Most children with the tumour excrete catecholamine metabolites in their urine, so asymptomatic cases can be screened for. Such screening programmes are only likely to be successful if cases detected by urine testing have the same disease, biologically, as those who present clinically. Evidence is now accumulating to suggest that this may not be the case. A recent study by Kaneko et a14 showed that children detected by a screening programme were more likely to have near triploid (3n) or hypertetraploid tumours (> 4n) with a single copy of the N-myc oncogene; those presenting clinically were more likely to have diploid tumours with multiple copies of the N-myc oncogene. Retrospective review of histopathological material has the advantage that relatively large numbers of patients can be analysed, their management will not have been influenced by knowledge of a prognostic factor measured some time after treatment, and follow up information will have already been collected.
Before establishing a pilot study for neuroblastoma screening in the West Midlands, we performed an analysis of the disease over the 32 years 1957-88. To assess, retrospectively, the prognostic importance of DNA variables in this population, we used flow cytometry on paraffin wax sections of tumour biopsy specimens taken at diagnosis. Hedley et all showed that flow cytometry could accurately be used to determine cellular DNA content on paraffin wax embedded pathological material. Look et al2 described the use of flow cytometry to measure cellular DNA content in 35 tumours obtained at surgery. They concluded that diploidy was more common in tumours of advanced stage, whereas hyperdiploidy was associated with earlier disease stage and a better response to chemotherapy. Others have applied quantitative DNA analysis to neuroblastoma and have divided tumours into aneuploid and "nonaneuploid" (to emphasise the abnormal karyotype of those tumours with a near diploid DNA content). 6 Pathological material taken at diagnosis had been stored over many years in The Children's Hospital, Birmingham thus enabling a retrospective review of prognostic factors to be done on a relatively large series with long follow up. The aim of this study was to use flow cytometry to analyse this archival material for cellular DNA content, allowing for a more rapid assessment of the prognostic importance of ploidy than could be gained from a prospective study.
Methods
Cases were identified from a 32 year retrospective study of neuroblastoma in the population defined by the boundaries of the West Midlands Health Authority. During this period, 239 cases were diagnosed in children under 15 years of age. Review and confirmation of the diagnosis was completed in over 95% of cases by a panel of paediatric histopathologists. Paraffin wax sections (40 um) suitable for flow cytometry were available for 69 of the children, most sections obtained being from children treated at The Children's Hospital. Material tended to be more easily available from tumours located in the thorax than in the adrenal gland-19% of the population based series had their primary tumour in the thorax and 53% in the adrenal, whereas 25% of cases with material suitable for DNA analysis had thoracic primaries and 33% had adrenal tumours.
Paraffin wax embedded material was prepared using a modified version of that described by Hedley et al5: 40,um sections were dewaxed with xylene and rehydrated through 100%, 90%, and 70% alcohol to distilled water. Sections were digested for 60 minutes at 37°C in 1 ml 1% pepsin (activity 2500-3000 U; Sigma) in 0 9% sodium chloride (pH 1 5) with occasional vortex agitation. Cell counts were performed at this stage to ensure that more than 10 000 cells were present. The cell suspension was centrifuged at 2500 rpm for 10 minutes and resuspended in 1 ml 10 mM TRIS (pH 7 0) containing 5 ,uM MgC,2, as described by Deitch et al.7
Specimens were filtered through a 100,um pore size nylon mesh and stored overnight at 4°C. Immediately before analysis, specimens were stained with 0 5 ml propidium iodide (1 mg/ml in TRIS, pH 7 0) and 0.5 ml ribonuclease (2 mg/ml in TRIS, pH 7 0) added to the 1 ml suspension and incubated for 15 minutes at 37°C. Cell clumping was reduced by gently passing the suspension through a 19 gauge needle several times, followed by filtration through a 35 ,um pore sized nylon gauze. The specimens were kept on ice until analysis on the same day.
Flow cytometry of at least 30 000 cells was performed using a Becton-Dickinson FACS 440 cell sorter with an Argon Laser light source. Samples from normal tonsil served as controls. DNA histograms were accepted when the coefficient of variation (CV) of the G0/G, peak was less than 10%.
The proportion of cells in the synthetic (S), gap 2 (G2), and mitotic (M) phases of the cell cycle was used as an index of proliferative activity of the tumour. The S phase fraction was calculated using T-2x (A + B) after Koss et al. 8 The tumours were divided into high or low S phase according to whether the percentage of cells in S phase was more or less than the median value.
Patients' records were reviewed to deter- Overall survival for each ploidy group was estimated using the Kaplan-Meier method9 with differences in survival assessed using the log-rank test.'°R esults Flow cytometry was performed on material from 69 cases and was successful in 52 (74%). Histograms of the remaining 17 cases showed excessive cellular debris and a Go/G, peak CV of greater than 10%. Excluded cases had a median age at diagnosis of 33 months (40 5 months for successful cases). Eighty three percent of their tumours originated in the adrenal gland (compared with 40% for successful cases) and 62-5% of these cases were stage 4 at diagnosis (compared with 48%). Of the 52 successful cases, 38% were from the first half of the study period (1957-72) and 62% from the second (1973-88).
There were only seven diploid ("nonaneuploid") and 45 aneuploid (including two tetraploid and four triploid) tumours (figs 1 and 2). The median age of the children at diagnosis was 40 5 months (diploid 41 months, aneuploid 40 months; not significant). All diploid tumours were stage III or IV; only 75% of aneuploid tumours had advanced stage disease. For cases in which the site of the primary tumour was known, four of 5 (80%) diploid tumours originated in the adrenal compared with 12 
